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Abstract

Aim: This study aimed to investigate to usability of ischemia modified albumin (IMA) and
IMA/albumin ratio (IMAR) values in the follow-up of ALF patients. King College criteria
(KCC) and Model for End-Stage Liver Disease (MELD) score are the most commonly used
criteria in the follow-up of patients with acute liver failure (ALF). However, these criteria
cannot always predict prognosis and the need for liver transplantation (LT).
Materials and Methods: IMA and IMAR values of 23 ALF patients and 43 healthy
volunteers were measured. Then IMA and IMAR values were compared with KCC and
MELD score to predict LT requirement and prognosis in ALF patients.
Results: IMA and IMAR values were significantly higher in ALF patients compared
healthy volunteers (p=0.001, p=0.001; respectively). IMA and IMAR values predicted
LT requirement in ALF patients such as KCC and MELD (≥30) score (p=0.006, p=0.04,
p=0.001, p=0.03; respectively). IMA values were found to better than KCC in predicting
mortality (p=0.008, p=0.02; respectively). MELD (≥30) score failed to predict mortality
(p=0.44).
Conclusion: IMA and IMAR values can be used as diagnostic biomarkers in ALF pa-
tients. IMA is a better prognostic biomarker in the follow-up of ALF patients.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Acute liver failure (ALF) is immediate and serious im-
pairment of liver functions without any history of liver
disease. The disease is usually accompanied by reversible
hepatic encephalopathy (HE) and is associated with high
mortality [1]. Liver transplantation (LT) is the definitive
treatment for ALF patients who do not respond to medical
treatment. In the course of ALF disease, while approxi-
mately one-third of patients listed for LT recover sponta-
neously, one-fifth of patients may be LT unnecessary [2].
Therefore, some prognostic criteria, such as King’s Col-
lege criteria (KCC), Clichy / Villejuif criteria, Model for
End-Stage Liver Disease (MELD), Acute Physiology and
Chronic Health Assessment (APACHE) II score, and Se-
quential Organ Failure Assessment (SOFA) are used in
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order to predict LT requirement and prognosis of patients
with ALF [3-6]. However, even these prognostic criteria
cannot always predict prognosis or determine candidacy
for LT. Therefore, optimal treatment option and timing
are still questioned.

Albumin is mainly a basic plasma protein synthesized by
the liver. The amino-terminal end of the albumin molecule
contains binding sites for metal ions such as cobalt and
nickel. Under various conditions such as ischemia, hy-
poxia, and acidosis, binding capacity of the albumin for
metals is reduced and a metabolic variant is formed. This
new isoform of the albumin is called ischemic modified al-
bum (IMA), and its serum values can be measured [7]. The
values of IMA do not change with age and sex. However,
albumin values affect IMA values. A 1 g/dL change in al-
bumin values results in a 2.6% change in IMA values [8]. A
measurement method, such as IMAR value, has been pro-
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posed to eliminate the effect of albumin on IMA value [9].
IMAR value is calculated using the formula below: IMA
value / serum albumin value (gr/dL). Serum IMA and
IMAR values have been reported to be increased in vari-
ous diseases including myocardial ischemia, acute stroke,
muscle and intestinal ischemia [10]. In the literature, there
are also studies reporting serum IMA and IMAR values in
chronic liver diseases (CLD) with various etiologies [11-
14]. In these studies, increased IMA and IMAR values in
CLD have been found to be compatible with the degree of
fibrosis of CLD, and correlated with MELD, international
normalized ratio (INR) and bilirubin values. It has been
shown that IMA and IMAR values can be used as biomark-
ers in the prognosis of CLD patients, and associated with
morbidity and mortality in these patients.
In this study, we aimed to investigate whether IMA and
IMAR values can be diagnostic biomarkers in the follow-
up of ALF patients, and whether they can be predictive
and prognostic criteria for LT indication and mortality.

Materials and Methods

This prospective cohort study was approved by the Lo-
cal Ethics Committee (Inonu University Clinical Research
Ethics Committee Approval No: 2017/117). Informed
consent was obtained from each patient included in the
study. The study protocol conforms to the ethical guide-
lines of the 1975 Declaration of Helsinki (6th revision,
2008) as reflected in a priori approval by the institution’s
human research committee. Twenty-three consecutive pa-
tients meeting ALF criteria (development of encephalopa-
thy and impaired synthetic liver functions (INR >1.5 and
elevated transaminases)) at time of admission in Inonu
University Liver Transplantation Institute between Jan-
uary 2018 and January 2019 were included into study.
Factor V levels were not measured in ALF patients during
admission or during follow-up. In the follow-up of ALF
patients, IMA samples were taken during the first day of
admission. KCC, MELD scores and West Heaven stage
were evaluated daily. The KCC and MELD scores at the
time of the treatment decision were compared the IMA
and IMAR values at the time of admission. According
to KCC, LT decision was given for ALF patients as fol-
lows: PT >100 seconds or INR >6.5 or based on the pres-
ence of three of the following: (1) non-A, non-B hepatitis,
drug-induced hepatitis; (2) serum bilirubin >17.4 mg/dL;
(3) PT >50 seconds or INR >3.5; (4) patient age <10 or
>40; or (5) time from jaundice to encephalopathy longer
than 7 days [3]. MELD score was calculated according to
United Network for Organ Sharing [5,15]. MELD score
is a score derived from serum total bilirubin and creati-
nine, and INR. Pediatric end stage liver disease (PELD)
score was evaluated only in the paediatric population. LT
decision was given according to combination of KCC and
MELD scores in ALF patients. ALF was subdivided as hy-
peracute (0-7 days), acute (8-28 days) and subacute (29-84
days) with respect to the interval between jaundice and HE
[16]. HE is divided into four grades based on the sever-
ity of the symptoms, and the most commonly used staging
system is West Haven Criteria: Stage 0: No change in con-
sciousness, personality, intellectual function and behaviour
[17]. Stage I: Hypersomnia, insomnia, euphoria or anxi-

ety, shortening of the attention span, irritability. Stage II:
Lethargy, orientation disorder, inappropriate behaviour,
speech impairment, ataxia. Stage III: Somnolence, appar-
ent confusion, response to persistent stimuli. Stage IV:
Coma, lack of response to stimuli. Intracranial pressure
was not measured in ALF patients. The following param-
eters were assessed to investigate the underlying cause, ex-
cluding that there was no previously known liver disease
and predict the severity of the ALF: ALF phase, HE grade,
IMA, IMA/albumin ratio (IMAR), total bilirubin (TBil),
direct bilirubin (DBil), alanine transaminase (ALT), as-
partate transaminase (AST), ammonia (NH3), lactate, ar-
terial blood pH, international normalization rate (INR),
urea, creatinine, electrolytes, albumin, copper (Cu), zinc
(Zn), viral markers (HAV, HBV, HCV, HDV, HEV, CMV,
EBV, HSV, HIV), antinuclear antibody, anti-neutrophil
cytoplasmic antibody, antigliadin antibody, anti-smooth
muscle antibody, cardiolipin, transglutaminase, radiolog-
ical imaging (ultrasonography, computed tomography),
MELD and PELD scores, complications and outcomes
(alive, dead). The flowchart shows the clinical course of
the 23 ALF patients during follow-up (Figure 1).

Study design and objectives

The study addressed the ultimate goal at three stages. In
the first stage, we aimed to determine whether there was
a difference in blood IMA and IMAR values between com-
pletely healthy people with ALF patients. Thus, we aimed
to get an idea whether IMA and IMAR values can be diag-
nostic biomarkers in the diagnosis of ALF patients. Sam-
ple size was calculated using the data of the preliminary
study for this stage of the study (Alpha =0.05, Power:
80%, minimum sample size for case / control groups:
21/42). The control group consisted of healthy volun-
teers scheduled for live donor hepatectomy in the preoper-
ative period. Both groups were compared in terms of age,
sex, albumin, IMA and IMAR values (Table 1). In the
second stage of the study, we aimed to examine whether
there were predictive IMA and IMAR values as to which
ALF patients are candidates for LT and which patients
should be followed with medical treatment. For this pur-
pose, 23 ALF patients monitored according to KCC and
MELD score were divided into two groups: ALF patients
requiring LT (n=10) and those recovering medical treat-
ment (n=13). For this purpose, cut-off values related to
mortality were calculated for some variables with statis-
tical significance using receiver operating characteristics
(ROC) analysis in ALF patients (Table 2). Requiring LT
and recovering medical treatment patients were compared
for clinical and biochemical parameters using cut off values
and Odds ratio (OR) was calculated for LT (Table 3). The
sensitivity, specificity, accuracy, positive predictive values
(PPV), negative predictive values (NPV), positive likeli-
hood ratios (LR +) and negative likelihood ratios (LR-)
of the IMA and IMAR values, MELD score and KCC for
predicting LT requirement were determined (Table 4). In
the third stage of the study, the relationship between IMA
and IMAR values, KCC, and MELD scores with mortality
were investigated (Table 5).
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Ischemia modified albumin (IMA) and IMAR
(IMA/albumin)
Complete blood count, coagulation tests and biochemical
parameters from venous blood samples taken from healthy
volunteers during hospitalization and from ALF patients
were measured. For IMA measurements, the rest of the
plasma was centrifuged for 10 minutes at 4000 rpm and
then stored at -800 C. IMA values can be measured manu-
ally or automatically (ELISA kits). We were preferred au-
tomatically measure (ELISA kits). IMA values were mea-
sured using the albumin-cobalt binding test (ACB test) on
the BioTek brand Synergy H1 model device (serial num-
ber: 1504022, BioTek, Winooski, USA) by colorimetric
method. The principle of the method is as follows: 120
microlitre Reagent 1 was added to 35 microlitre patient’s
serum sample and after being gently shaken, the first ab-
sorption data was obtained at 470 nm wavelength within
30 seconds. Then 9 microlitre Reagent 2 was added to the
mixture and after being gently shaken, was incubated for
10 minutes in room temperature and second absorption
data were obtained at 470 nm wavelength. For IMA cal-
culations (∆Abs H2O - ∆Abs Sample)/(∆Abs H2O-∆Abs
standard)*100 formula was used. IMA values were given in
absorbance units (ABSU). The kit used for measurement
was obtained from Real Assay Diagnostics (Gaziantep,
Turkey). IMAR values were used in order to eliminate
the effect of reduced albumin concentrations, commonly
seen in patients with ALF, on serum IMA values.

Statistical analysis
Statistical analyses were performed using IBM SPSS v22.0
(Chicago, IL, USA) and MedCalc v18.11 (Ostend, Bel-
gium) software programs. Continuous variables were ex-
pressed as mean ± SD and median (min-max). Categor-
ical variables were reported as number and percent (%).
Mann-Whitney U test was used to compare continuous
variables and Fisher’s exact tests were used to compare
categorical variables. Receiver operating characteristics
(ROC) analysis was performed to identify optimum cut-
off values of continuous variables. Cut-off value for these
variables were determined to obtain the most ideal sensi-
tivity, specificity, PPV and NPV. P<.05 was accepted as
statistically significant.

Results
Twenty-three ALF patients and 43 adult healthy volun-
teers were included in the study. Ten of the ALF patients
were in the adult, 10 were in the children and three were in
the adolescent age group. Eleven of the patients were cryp-
togenic ALF. Six patients had mushroom intoxication due
to consumption of region-specific Heliz mushroom. There
was no history of acetaminophen use in any ALF patient in
our institution (Table 1). Twenty-two ALF patients were
in hyperacute fulminant hepatitis stage ,and one ALF pa-
tient was in acute fulminant hepatitis stage. According
to West Heaven stage, 13 of the patients with ALF were
in stage I, four in stage II, three in stage III, and three
in stage IV. Plasmapheresis treatment was given to eight
patients in the LT group and three patients in the med-
ical treatment group. Thirteen of the ALF patients re-
covered with medical treatment, and 10 of them required

Table 1. Demographic characteristics of Acute Liver Fail-
ure patients and healthy volunteers (control group).

Parameters ALF patients
(n=23)

Control
group (n=43)

p

Age 20.9 ± 20.1 27.8 ± 7.3 .052
Sex (M/F) 10/13 24/17 .73
Etiology
Cryptogenic 11
Mushroom intoxication 6
Wilson’s disease 2
Autoimmune hepatitis* 1
Hepatitis A virus 1
HELLP syndrome 1
Hepatitis B virus 1

Albumin (gr/dL) 3.1 ± 0.5 4 ± 0.3 .001
Arterial pH 7.4 ± 0.1 - na
IMA (ABSU) 210.0 ± 40.3 183.4 ± 19.9 .001
IMAR 69.9 ± 19.7 46.6 ± 5.9 .001

ALF: Acute liver failure, M: Male, F: Female, HELLP: Hemolysis,
elevated liver enzmymes, low platelet, SLE: Systemic lupus
erythramatosus, pH: Power of hydrogen, IMA: Ischemia modified
albumin, ABSU: Absorbance units, IMAR: IMA/albumin ratio,
*: Secondary to depakine.

Figure 1. The clinical course of the 23 acute liver failure
patients during follow-up.

LT. Transplantation decision was made on median 0 (0-3)
days. Living donor LT was performed in eight of the ALF
patients (three adults, one adolescent, and four pediatric).
Since no suitable donor was found, LT could not be per-
formed in two ALF patients, and these patients died. One
of the two patients who received transplantation died on

848



Aktas A. et al. Original Article 2022;29(8):846–852

Table 2. Calculation of cutoff values related to mortality for some quantitative variables using ROC curve analysis in
Acute Liver Failure patients.

Area Std Error Asymp Sig. Cut-off values Sensitivity (%) Specificity (%)

IMA (ABSU) 0.855 0.081 .03 229.6 100 79
IMAR 0.855 0.095 .03 68.2 100 53
INR 0.789 0.097 .07 1.72 100 68
TBil (mg/dL) 0.804 0.102 .01 3.90 90 69
DBil (mg/dL) 0.785 0.105 .02 1.95 90 69
NH3(µmol/L) 0.873 0.072 .003 222.5 80 77

IMA: Ischemia modified albumin, ABSU: Absorbance units, IMAR: IMA/Albumin ratio, INR: International normalization rate, TBil: Total
bilirubin, DBil: Direct bilirubin, NH3: Ammonia.

the postoperative 22nd day of multiorgan dysfunction and
the other because of hepatic vein thrombosis on the post-
operative 2nd day. Pathology results were consistent with
massive necrosis in all patients. Follow-up period was 9 (2-
88) days for ALF patients and 12.5 (3-30) days for donor
patients.
In the first stage of the study, 23 ALF patients and 43
healthy volunteers who underwent living-donor hepatec-
tomy in the same time period were compared. There was
no significant difference between the groups in terms of
age and sex. IMA (p=0.001) and IMAR values (p=0.001)
were found to be increased in ALF patients compared
to healthy volunteers (Table 1). Cut-off values of the
continuous variables with ROC analysis in ALF patients
were calculated and listed as follows: IMA value (229.6),
IMAR value (68.2), INR value (1.72), TBil value (3.9),
DBil value (1.95), and NH3 value (222.5) (Table 2). Com-
pared to patients who recovered by medical treatment,
IMA value (p=0.006), IMAR value (p=0.04), INR value
(p=0.001), TBil value (p=0.01), DBil value (p=0.01), NH3
value (p=0.01), HE grade (p=0.001), MELD score (≥30)
(p=0.03), KCC (p=0.001), and mortality (p=0.02) were
significantly higher in patients who required LT (Table 3).
Sensitivity, specifity, PPV and NPV of IMA values, IMAR
values, KCC and MELD score (≥30) used to predict the
need for liver transplantation are shown in Table 4. In pre-
dicting mortality, while IMA values and KCC were success-
ful, IMAR values and MELD score (≥30) failed (p=0.008,
p=0.02, p=0.054, p=0.44; respectively, Table 5).

Discussion

About 8% of liver transplantations in Europe and the
United States are performed for ALF [18,19]. In ALF,
LT should be performed prior to the development of se-
rious complications such as brain herniation, multiorgan
system failure and sepsis. Unfortunately, there is only a
very short window for LT, a procedure that needs to be
performed at the optimal time, to avoid unnecessary trans-
plants in patients who would spontaneously recover and to
avoid transplantation in those who would not survive [20].
Therefore, some prognostic markers are used to differen-
tiate patients who improved with medical treatment or
need LT. KCC, MELD score, and Clichy / Villejuif crite-
ria are the most commonly used criteria in the follow-up
of ALF patients [3-5,15]. In one meta-analysis, the sen-
sitivity of KCC has been found to be limited for patients

with ALF [21]. In another a study, KCC has been found
to more superior in the AALF subgroup compared to Non-
acetominophen ALF subgroup [22]. Available prognostic
scoring systems do not have a high predictive accuracy
for death and survival without LT and therefore, it is not
advisable to follow the guidelines completely [23].

This study is the first study to measure serum IMA and
IMAR values in ALF patients. Study results showed that
serum IMA and IMAR values were significantly higher
in ALF patient compared to healthy volunteers. IMA
and IMAR values predicted LT requirement in ALF pa-
tients, such as KCC and MELD (≥30) score. Sensitivity of
IMA and IMAR values in predicting LT requirements were
higher than KCC and MELD score (≥30) (70%, 80%, 30%,
30%; respectively, Table 4). Specifity of IMA values in pre-
dicting LT requirements were higher than KCC but lower
than MELD score (≥30) (92%, 85%, 100%; respectively).
Specifity of IMAR values in predicting LT requirements
were lower than KCC and MELD score (≥30) (69%, 85%,
100%; respectively). While the sensitivity + specifity score
of the IMA and IMAR values in predicting LT require-
ments was ≥140 (162, 149; respectively), the sensitivity
+ specifity score of KCC and MELD score (≥30) in pre-
dicting LT requirements was ¡140 (115, 130; respectively,
Table 4). PPV of IMA and IMAR values in predicting LT
requirements were higher than KCC but lower than MELD
score (≥30) (88%, 67%, 60%, 100%; respectively). NPV
of IMA and IMAR values in predicting LT requirements
was higher than KCC and MELD score (≥30) (80%, 82%,
61%, 65%; respectively, Table 4). IMA values were found
to better than KCC, IMAR values and MELD score (≥30)
in predicting mortality. Sensitivity and NPV of IMA and
KCC were found similar in predicting mortality (100.0%,
100.0%; respectively). Specifity and PPV of IMA values in
predicting mortality were higher than KCC (79% vs 68%,
50% vs 40%; respectively). Sensitivity + specifity score of
IMA values in predicting mortality was higher than KCC
(179, 168; respectively).

O’Grady et al. have found that KCC has a sensitivity of
68% to 69% and specificity of 82% to 92% in the prog-
nosis of ALF patients [3]. In a study of 91 patients with
non-acetaminophen ALF (NAALF), sensitivity and speci-
fity of KCC and MELD score (≥32 points) for mortality
have been shown to be 79% to 88% and 71% to 71%, re-
spectively [24]. In our study, sensitivity of IMA values
in predicting LT requirement was found better than KCC
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Table 3. Comparison of demographic, clinical and biochemical parameters of Acute Liver Failure patients who requiring
liver transplantation and recovering with medical treatment.

Parameters Requiring LT (n=10),
(%)

Recovering MT (n=13),
(%)

OR (95% C.I) p

Age .23

Mean ± SD 16 ± 21.3 24.5±19.3
Median (Min-Max) 3.5 (1-59) 22 (1-62)

Sex .40

Male 3 (30.0) 7 (70.0)
Female 7 (53.8) 6 (46.2)

IMA (ABSU) 28 (2.4-323) .006

<229.6 3 (20.0) 12 (80.0)
≥229.6 7 (87.5) 1 (12.5)

IMAR 9 (1.3-63) .04

<68.2 2 (18.2) 9 (81.8)
≥68.2 8 (66.7) 4 (33.3)

INR .001

<1.72 0 (0) 11 (100.0)
≥1.72 10 (83.3) 2 (16.7)

TBil (mg/dL) .01

<3.9 1 (10.0) 9 (90.0)
≥3.9 9 (69.2) 4 (30.8)

DBil (mg/dL) .01

<1.95 1 (7.7) 9 (92.3)
≥1.95 9 (69.2) 4 (30.8)

NH3 (µmol/L) .01

<222.5 2 (16.7) 10 (83.3)
≥222.5 8 (72.7) 3 (27.3)

HE Grade .001

0-I 1 (7.7) 12 (92.3)
II-IV 9 (90.0) 1 (10.0)

MELD .03

<30.0 7 (35.0) 13 (65.0) NS
≥30.0 3 (100.0) 0 (0) NS

King’s College criteria .001

Negative 0 (0) 13 (100.0)
Positive 10 (100.0) 0 (0.0)

ALT (IU/L) .26

Mean ± SD 1667 ± 3240 1479 ± 1329
Median (Min-Max) 289 (47-10213) 789 (20-3454)

AST (IU/L) .99

Mean ± SD 2655 ± 4819 1303 ± 1641
Median (Min-Max) 343 (37-12227) 394 (42-4829)

Outcome .02

Alive 6 (31.6) 13 (68.4)
Dead 4 (100.0) 0 (0)

OR: Odds ratio, LT: Liver transplantation, MT: Medical treatment, C.I.: Confidence interval, SD: Standard deviation, Min: Minimum, Max:
Maximum, IMA: Ischemia modified albumin, ABSU: Absorbance units, IMAR: IMA/Albumin ratio, INR: International normalization rate, TBil:
Total bilirubin, DBil: direct bilirubin, NH3: ammonia, HE: Hepatic encephalopathy, MELD: Model for end-stage liver disease, ALT: Alanine
transaminase, AST: Aspartate transaminase.
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Table 4. Sensitivity, specificity, accuracy, positive and negative predictive values of four parameters used in predicting
the need for Liver Transplantation for Acute Liver Failure patients.

Parameters Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) LR(+) LR(-)

IMA (229.6) 70 92 83 88 80 8.8 0.33
IMAR (68.2) 80 69 74 67 82 2.6 0.29
MELD (30.0) 30 100 70 100 65 - 0.70
KCC 30 85 61 60 61 2.0 0.82

PPV: Positive predictive value, NPV: Negative predictive value, LR: Likelihood ratio, IMA: Ischemia modified albumin (ABSU), IMAR:
IMA/Albumin ratio, MELD: Model for end-stage liver disease, KCC: King’s College criteria.

Table 5. Relationship of IMA, IMAR, KCC, MELD scores with mortality in Acute Liver Failure patients.

Parameters
Mortality

p Sensitivity (%) Specifity (%) Accuracy (%) PPV (%) NPV (%) LR(+) LR(-)
Yes No

IMA (ABSU) .008 100 79 83 50 100 4.76 0

≥229.6 4 4
<229.6 0 15

IMAR (ABSU) .054 100 53 61 31 100 2.13 0

≥68.2 4 9
<68.2 0 10

MELD score .44 25 89 78 33 85 2.27 0.84

≥30 1 2
<30 3 17

KCC .02 100 68 74 40 100 3.13 0

Positive 4 6
Negative 0 13

PPV: Positive predictive value, NPV: Negative predictive value, LR: Likelihood ratio, IMA: Ischemia modified albumin, IMAR: IMA/Albumin
ratio, ABSU: Absorbance units, MELD: Model for end-stage liver disease, KCC: King’s College criteria.

and MELD score (≥30). Specifity of IMA values in pre-
dicting LT requirement was found better than KCC but
worse than MELD score (≥30). Sensitivity and specifity
of IMA values in predicting mortality were found better
than KCC and MELD score (≥30). In studies with ALF
patients, NPV and PPV of KCC were found 30-77% and
48-100%, NPV and PPV of MELD score (≥30) were found
lowest 61% and 81% [25,26]. In other words, 23-70% of pa-
tients with low NPV, according to KCC criteria in ALF
patients, either die or require LT, and 0-52% will live with-
out LT [1]. Again, in ALF patients, 39% of the patients
with low NPV, according to the MELD score, either die or
require LT, and 19% will survive without LT. In our study,
PPV of IMA and IMAR values in predicting LT require-
ment were found better than KCC and worse than MELD
score (≥30), and NPV of IMA and IMAR values in pre-
dicting LT requirement were found better than KCC and
MELD score (≥30). NPV of IMA values in predicting mor-
tality was found better than MELD score (≥30), but it was
found similar with KCC. PPV of IMA values in predicting
mortality was found better than KCC and MELD score
(≥30). In our study, IMA value more sensitively predicted
the patients who would not need LT and would survive.
The use of KCC, MELD and Clichy criteria only during
patient admission might weaken the prognostic power of
these systems [27]. Therefore; in KCC, MELD and Clichy

/ Villejuif criteria, patients are observed for 7-10 days for
high predictive accuracy [28]. KCC uses 6 criteria for non-
acetaminophen patients and 4 criteria for acetaminophen
patients. Some criteria in KCC are as such: duration be-
tween jaundice and HE, history of acetaminophen or other
drug use that may not be fully questioned. In Clichy /
Villejuif criteria, factor V may not always be studied in all
centres. Subjective, easy to use and remember, fast mea-
surable, and the minimum number of criteria increases the
strength of prognostic criteria. In our hospital, IMA result
can be obtained in an average of three hours. In this study,
we used single IMA and IMAR values at the time of ad-
mission for patients diagnosed with ALF. Since after IMA
values increase rapidly, it decreases at the 6th hour and
returns to normal at the 24th hour [7]. In ALF patients, a
single IMA value at the time of admission predicted LT re-
quirement, such as KCC and MELD score (≥30). A single
IMA value at the time of admission predicted mortality
better than KCC and MELD score (≥30). In our study,
we showed that IMA and IMAR values can help predict
mortality and LT requirement in ALF patients.
There are some limitations to our study. Our patient group
was small and did not include acetaminophen-related ALF
patients. Our patients consisted of both children and
adults, and most patients were in the stage of hyperacute
liver failure. Moreover, the number of patients with mor-
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tality was low and this may lead to misinterpretation of
the results.

Conclusion
The results of this study showed that IMA and IMAR
values can be used as diagnostic, predictive and prognos-
tic biomarkers for ALF patients. Randomized controlled
trials are needed to assess the usability of IMA as a prog-
nostic criterion in ALF patients.

Funding
The work was supported by the Inonu University Scientific
Research Project Coordination Unit under Grant (num-
ber: 2018/1046).

Data availability statement
Data derived from public domain resources.

Ethics approval
This prospective cohort study was approved by the lo-
cal Ethics Committee (Inonu University Clinical Research
Ethics CommitteeApproval No: 2017/117). All proce-
dures performed were in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed consent
Informed consent was obtained from all individual partic-
ipants included in the study.

Declaration of interest
The authors declares that they have no conflict of interest.

References
1. Sarici KB, Karakas S, Otan E, et al.. Can Patients Who

Develop Cerebral Death in Fulminant Liver Failure Despite
Liver Transplantation Be Previously Forseen? Transplant Proc.
2017;49(3):571-574.

2. Lake JR, Sussman NL. Determining prognosis in patients with
fulminant hepatic failure: when you absolutely, positively have
to know the answer. Hepatology.1995;21(3):879-882.

3. O’Grady JG, Alexander GJ, Hayllar KM, Williams R. Early
indicators of prognosis in fulminant hepatic failure. Gastroen-
terology. 1989;97(2):439-445.

4. Bismuth H, Samuel D, Gugenheim J, et al. Emergency
liver transplantation for fulminant hepatitis. Ann Intern Med.
1987;107(3):337-341.

5. Kremers WK, van IJperen M, Kim WR, et al. MELD score
as a predictor of pretransplant and posttransplant survival in
OPTN/UNOS status 1 patients. Hepatology. 2004;39(3):764-
769.

6. Craig DG, Zafar S, Reid TW, et al. The sequential organ failure
assessment (SOFA) score is an effective triage marker follow-
ing staggered paracetamol (acetaminophen) overdose. Aliment
Pharmacol Ther. 2012;35(12):1408-1415.

7. Collinson PO, Gaze DC. Ischaemia-modified albumin: clin-
ical utility and pitfalls in measurement. J Clin Pathol.
2008;61(9):1025-1028.

8. Zapico-Muñiz E, Santaló-Bel M, Mercé-Muntañola J, et al.
Ischemia-modified albumin during skeletal muscle ischemia. Clin
Chem. 2004;50(6):1063-1065.

9. Can U, Yosunkaya S. A New Marker for Ischemia: Ischemia-
modified Albumin. Koşuyolu Heart J. 2017;20(2):148-152.

10. Sbarouni E, Georgiadou P, Voudris V. Ischemia modified albu-
min changes-review and clinical implications. Clin Chem Lab
Med. 2011;49(2):177-184.

11. Cakir M, Karahan SC, Mentese A, et al. Ischemia-modified al-
bumin levels in children with chronic liver disease. Gut Liver.
2012;6(1):92-97.

12. Kumar PA, Subramanian K. The role of Ischemia modified al-
bumin as a biomarker in patients with chronic liver disease. J
Clin Diagn Res.2016;10(3):9-12.

13. Zuwała-Jagiełło J, Warwas M, Pazgan-Simon M. Ischemia-
modified albumin (IMA) is increased in patients with chronic
hepatitis C infection and related to markers of oxidative stress
and inflammation. Acta Biochim Pol.2012;59(4):661-667.

14. Chen CY, Tsai WL, Lin PJ, Shiesh SC. The value of serum
ischemia-modified albumin for assessing liver function in patients
with chronic liver disease. Clin Chem Lab Med.2011;49(11):1817-
1821.

15. United Network for Organ Sharing. Home Page. Website
http:/www.unos.org [accessed April 2018].

16. O’Grady JG, Schalm SW, Williams R. Acute liver failure: re-
defining the syndromes. Lancet. 1993;342(8866):273-275.

17. Bajaj JS, Cordoba J, Mullen KD, et al. Review article: the
design of clinical trials in hepatic encephalopathy--an Inter-
national Society for Hepatic Encephalopathy and Nitrogen
Metabolism (ISHEN) consensus statement. Aliment Pharmacol
Ther. 2011;33(7):739-747.

18. Freeman RB Jr, Steffick DE, Guidinger MK, et al. Liver and
intestine transplantation in the United States, 1997-2006. Am J
Transplant. 2008;8(4 Pt 2):958-976.

19. Germani G, Theocharidou E, Adam R, et al. Liver transplan-
tation for acute liver failure in Europe: outcomes over 20 years
from the ELTR database. J Hepatol. 2012;57(2):288-296.

20. Lo CM. Liver transplantation for acute liver failure: not too
early but never too late. Liver Transpl. 2008;14(9):1243-1244.

21. Bailey B, Amre DK, Gaudreault P. Fulminant hepatic failure
secondary to acetaminophen poisoning: a systematic review and
meta-analysis of prognostic criteria determining the need for
liver transplantation. Critical Care Medicine.2003;31(1):299-305.

22. McPhail MJ, Farne H, Senvar N, et al. Ability of King’s Col-
lege Criteria and Model for End-Stage Liver Disease Scores to
Predict Mortality of Patients With Acute Liver Failure: A Meta-
analysis. Clin Gastroenterol Hepatol. 2016;14(4):516-525.

23. Polson J, Lee WM; American Association for the Study of Liver
Disease. AASLD position paper: the management of acute liver
failure. Hepatology. 2005;41(5):1179-1197.

24. Parkash O, Mumtaz K, Hamid S, et al. MELD score: utility and
comparison with King’s College criteria in non-acetaminophen
acute liver failure. J Coll Physicians Surg Pak. 2012;22(8):492-
496.

25. Yantorno SE, Kremers WK, Ruf AE, et al. MELD is superior to
King’s college and Clichy’s criteria to assess prognosis in fulmi-
nant hepatic failure. Liver Transpl. 2007;13(6):822-828.

26. Dhiman RK, Jain S, Maheshwari U, et al. Early indicators of
prognosis in fulminant hepatic failure: an assessment of the
Model for End-Stage Liver Disease (MELD) and King’s College
Hospital criteria. Liver Transpl. 2007;13(6):814-821.

27. Choi WC, Arnaout WC, Villamil FG, et al. Comparison of the
applicability of two prognostic scoring systems in patients with
fulminant hepatic failure. Korean J Intern Med. 2007;22(2):93-
100.

28. Carraro P, Burighel D, De Silvestro G, et al. Early prognostic
biochemical indicators of fulminant hepatic failure. Int J Clin
Lab Res. 1998;28(3):196-199.

852


